Aims Cognitive impairment (CI) in heart failure (HF) patients has mostly been studied in single countries in specific health care settings. Sociodemographic and clinical predictors of the global CI and CI dimensions are still unclear. We described CI in a diverse HF population recruited in several countries and in different health care settings and investigated sociodemographic and clinical factors associated with the global and specific CI dimensions in HF patients. Methods and results A secondary analysis from the baseline data of the Wii-HF trial. Patients (n = 605) were enrolled in Sweden, Italy, Israel, The Netherlands, Germany, and the United States. We used the Montreal Cognitive Assessment to evaluate CI and the 6 minute walk test (6MWT) to measure exercise capacity. Patients were on average 67 years old (SD, 12), and 86% were in New York Heart Association Class II and III. The mean Montreal Cognitive Assessment score was 24 (SD, 4), and 67% of patients had at least a mild CI. The item evaluating short-term memory had a considerable proportion of low scoring patients (28.1%). Worse CI was associated with patients' older age, lower education, and lower 6MWT scores (R 2 = 0.27). CI dimension scores were differently associated with specific clinical and demographic variables, but the 6MWT scores were associated with five out of seven CI dimension scores. Conclusions CI is an important problem in HF patients, with specific challenges in regard to memory. Exercise capacity is a modifiable factor that could be improved in HF patients with the potential to improve cognition and other outcomes in this population.
Introduction
Heart failure (HF) is a prominent public health problem in the western world as a result of its rising prevalence and incidence. 1 Because of the ageing population and the improved treatment of cardiac diseases, there are about 15 million people affected by HF in Europe 1 and more than 6 million in the United States. 2 HF is associated with several symptoms (e.g. shortness of breath and fatigue) that impair quality of life 3 and is also associated with high mortality rates, recurrent hospitalizations, and high direct and indirect costs. [4] [5] [6] Cognitive impairment (CI) is a common co-morbid condition in patients with HF. 7 Several studies have shown that CI in HF ranges between 20% and 80%, 7, 8 and that CI is associated with poor HF outcomes, such as death, hospital readmission, and poor self-care. 9 Despite that, the pathophysiology of CI in patients with HF remains unclear, 10 although several studies have succeeded in identifying its sociodemographic and clinical predictors. Sociodemographic predictors of CI in HF include older age, 11 female gender, and lower education; 12 and clinical predictors include decreased physical activity, 13 co-morbidities 14 and HF severity [i.e. higher New York Heart Association (NYHA) Class and lower ejection fraction]. 15 Although several studies have addressed CI in patients with HF, 7, 8 the existing studies have mostly been conducted in small samples, in single countries, and specific health care settings 8 (e.g. only rehabilitation or outpatient settings). Also, the existing studies report inconsistencies among sociodemographic and clinical predictors of CI (i.e. gender, age, education, time after diagnosis, NYHA class, ejection fraction, comorbidities, and exercise capacity) and have not identified the sociodemographic and clinical predictors of specific cognitive dimensions in patients with HF (e.g. memory). Since patients with HF receive care in a large diversity of health care settings and their cognitive dimensions might be affected by different sociodemographic and clinical variables, we conducted this study to (i) describe CI in a diverse HF population recruited in several countries and in different health care settings and (ii) investigate sociodemographic and clinical factors (i.e. gender, age, education, time after diagnosis, NYHA class, ejection fraction, comorbidities, and exercise capacity) associated with global and specific CI in patients with HF.
Methods

Design
This study is a secondary analysis from the baseline data of the Wii-HF study, 16 a randomized controlled trial (ClinicalTrial.gov identifier: NCT01785121) aimed at evaluating the effect of exergaming on improving exercise capacity in patients with HF enrolled in six countries.
Sample and settings
In the Wii-HF study, patients with HF were enrolled in different settings in Sweden, Italy, Israel, The Netherlands, Germany, and the United States. In Sweden, patients were enrolled in outpatient clinics of five hospitals, two university hospitals, two county hospitals, and one community hospital. In Italy, all patients were enrolled in a rehabilitation hospital; in Israel, patients were recruited from an advanced HF treatment centre; in The Netherlands and the United States, patients were enrolled in an outpatient clinic of a university hospital; and in Germany, from a private cardiology practice. Inclusion criteria in each country were (i) diagnosis of HF with reduced or preserved ejection fraction according to the European Society of Cardiology guidelines 1 in NYHA functional Class I-IV; (ii) age older than 18 years; and (iii) able to speak and understand the language of the enrolled country. The exclusion criteria were (i) unable to use the Wii computer because of visual, hearing, and motor impairment; (ii) unable to complete the research instruments; and, (iii) life expectancy shorter than 6 months. CI was not an exclusion criterion; however, if patients were not able to participate because of severe CI (e.g. dementia) as estimated by the study team, the patient was not eligible for the study. Two patients were excluded from the study because of their CI.
Data collection
Several instruments were used in the parent study, 16 but for this analysis we used the instruments described next. The Montreal cognitive assessment (MoCA), 17 is a 30-item valid and reliable instrument that is used worldwide (also in patients with HF) to measure cognition. It evaluates seven cognitive domains as follows: visuospatial/executive, naming, attention, language, abstraction, delayed recall, and orientation. From the MoCA it is possible to obtain a total score (ranging between 0 and 30) and a dimension score with a different range across the dimensions: a lower score means worse CI both for the total and dimension scores. As defined in prior studies, 18 the following categories of CI can be identified according to the MoCA score: a score between 27 and 30 means 'no to light CI'; a score between 18 and 26 means 'mild CI', a score between 10 and 17 means 'moderate CI', and a score lower than 10 means 'severe CI'.
The Charlson comorbidity index (CCI) 19 is a widely used instrument that evaluates the presence of 19 co-morbid conditions according to their gravity. Each condition could have a possible score from 1 to 6, with a higher score meaning worse co-morbidity.
The 6 minute walk test (6MWT) 20 is a valid, reliable, and objective test of submaximal exercise capacity that measures the distance an individual is able to walk over a total of 6 min on a hard, flat surface. The 6MWT score is obtained from the metres the patient walks in 6 min, with a higher score meaning better exercise capacity. A 6MWT score >300 is associated with lower event-free survival at 36 months. 21 Sociodemographic variables were collected for this study through self-report, including gender, age, education, and marital status. Clinical variables, including time since diagnosis (in months), NYHA functional class and ejection fraction were abstracted from patients' medical records.
Ethical considerations
The protocol of the study was approved by the competent Institutional Review Board in each centre of the six countries in which the patients were enrolled ( 
Statistical analysis
Descriptive statistics, including means, standard deviations, and frequencies were used to analyse sociodemographic and clinical variables as well as MoCA, CCI, and 6MWT scores. Comparison across MoCA score categories (no to light CI, mild CI, moderate CI, and severe CI), and patient sociodemographic and clinical variables were performed with χ 2 and ANOVA as appropriate. Spearman's correlations were used to identify the significant correlations among the variables of interest. Variables significantly and independently associated with the total MoCA and dimension scores were identified with a series of regression analyses (enter procedure). In each regression, the independent variables were gender, age, education, time after diagnosis in months, NYHA class, ejection fraction, CCI, and 6MWT
scores. Data were analysed with the statistical software IBM SPSS 21.
Results
The total sample included 605 patients with HF ( Table 1) . The sample mean age was 67 (SD, 12), and most were male (71%). In 68% of cases, patients were educated to primary or high school level, and 72% were married. The average CCI score was 2.51 (SD, 1.71), meaning that on average patients suffered from one to two diseases other than HF. The most prevalent comorbidity was diabetes (27%). Eighty-six percent of participants were in NYHA Class II and III, and the mean ejection fraction was 38.7% (11.9). The aetiology of HF was ischemic in 42% of patients. The 84% of patients were treated with angiotensin-converting enzyme inhibitor/angiotensin II receptor blockers/angiotensin receptor neprilysin inhibitors, 87% with B-Blocker, 48% with Cognition in HF patients mineralocorticoid receptor antagonist, 10% with digoxin, and 65% with digoxin. The mean total MoCA score was 24.53; 33% of the sample had no or a light CI; 62 % had mild CI; 5% had moderate CI; and 0.3% had severe CI ( Table 2) . Table 3 reports the number (and percentage) of patients per each MoCA item score. Item 9, evaluating delayed recall, had a considerable proportion of patients (28.1%) who had a low score. The supporting information table reports the mean, SD, minimum, and maximum score per each MoCA item. Table 4 reports the differences among the variables in relation to the MoCA score categories as follows: no to light CI, mild CI, moderate CI, and severe CI. Patients in the moderate CI and severe CI were significantly older, with less education, with higher CCI scores, in a more advanced NYHA classification and with a lower score at the 6MWT.
Correlation and regression analysis
In the correlation analysis, lower MoCA total scores (meaning worse CI) were significantly associated with older age, lower education, higher NYHA class, lower CCI scores, and lower 6MWT scores ( Table 5 ). When all the above variables were entered in a regression model ( Table 6) , lower total MoCA scores (worse CI) were independently associated with patients' older age, lower education, and lower 6MWT scores; the same variables were significantly and independently associated with lower visuospatial/executive dimension scores. Lower naming dimension scores were associated with longer time from HF diagnosis and worse 6MWT scores; lower attention dimension scores were associated with lower education and worse 6MWT scores; lower language dimension scores were associated with lower education and 6MWT scores; lower abstraction dimension scores were associated with lower ejection fraction but with a P level of 0.052; lower delayed recall dimension scores were associated only with older age; finally, lower orientation dimension scores were associated with lower 6MWT scores.
Discussion
To our knowledge, this is the first international study to describe CI in a large diverse HF population recruited in six countries and in different health care settings and the first study to identify sociodemographic and clinical variables (i.e. gender, age, education, time after diagnosis, NYHA class, ejection fraction, comorbidities, and exercise capacity) independently associated with specific cognitive dimensions. These two aspects are important because prior studies have described CI in patients with HF but mostly in single countries (e.g. United States) 7 or in single settings (e.g. outpatient settings). 22 HF is a common health problem across the globe, 23 in a sample of 44 patients with HF in an outpatient setting (70%) but higher than that identified by Gallagher et al., 24 where 55% of patients with HF (n = 124) had a score <26 on the MoCA. The percentage of patients with CI falls within the range of prior studies that have been included in systematic reviews. 10 Our finding corroborates further that CI is an important problem in patients with HF.
Looking at the MoCA scores across the six countries in which we enrolled the patients ( Table 2) , we saw significant differences across these subsamples. For example, Italian patients had the lowest score on the MoCA when compared with patients of other countries. However, Italian patients were enrolled in a rehabilitation hospital and could have been more cognitively compromised than other patients enrolled, for example, in outpatient settings, as in Sweden. Further studies with more comparable patients should be conducted to see Cognition in HF patients if CI in patients with HF might be influenced by different approaches in HF treatment and cultural factors across countries. Interestingly, we found that 28.1 % scored 0 or 1 for delayed recall (short-term memory), meaning that our population had important memory problems, which confirms other studies that found that memory and executive functions were cognitive areas particularly damaged in patients with HF. 25 This finding is important to consider when delivering patient education and when asking patients to perform self-care tasks, such as monitoring deterioration or taking medications. In this study, we analysed sociodemographic and clinical variables independently associated with the global CI and with impairment of specific cognitive dimensions. Interestingly, we saw that older age, education, and exercise capacity were predictors of the global CI, a finding that was not observed across the specific domains. For example, time after diagnosis and exercise capacity were predictors of the naming dimension, and age was a predictor of delayed recall. To our knowledge, no prior studies have previously identified sociodemographic and clinical predictors of specific cognitive domains, and these new findings may be helpful to guide future investigations and interventions in patients with HF. For example, while patient's age predicted the visuospatial/executive domain, it was not associated with the naming domain. Interestingly, exercise capacity was associated with global CI and five out of the seven cognitive domains. This finding is important because exercise capacity could be improved in patients with HF. Prior studies have already found that physical activity was associated with better cognition in patients with HF. 26 This study has strengths and limitations. A strength was the large multinational sample of patients with HF from multiple settings. We have given a wide description of CI in patients with HF. At the same time, our study strengths could be considered a limitation because the sample we enrolled was heterogeneous and selected with convenience procedures. Another limitation is that our study was a crosssectional and secondary analysis with patients originally selected to evaluate the effectiveness of exergaming to improve exercise capacity in patients with HF. Even though CI was not an exclusion criterion for enrolling patients and only two patients were excluded from the study because their CI was an impediment to play with the Wii computer, we might have had a selection bias. However, the distribution of CI in our population was not different from other studies. Another limitation of our study was that we used a screening tool to evaluate CI that could be better evaluated with other tools with better sensitivity and specificity.
Our study has important practical implications because patients with HF who are more cognitively compromised have worse outcomes, such as lower self-care, 22 higher mortality, 27 and more frequent hospitalizations. 28 Our findings showed that exercise capacity, a modifiable factor, was independently associated with CI. This means that improving physical activity has the potential to improve direct (e.g. cognition) and indirect (e.g. lower mortality rates) outcomes in patients with HF. Improving physical activity in HF is advocated in the international guidelines. 1 We have also discovered from our analysis that specific cognitive domains have different predictors that may be useful to know in clinical practice. For example, a patient's older age was associated with worse delayed recall (memory) but not with abstraction. Practically, this means that older patients with HF may find it difficult to memorise the medications they have to take but not the fact that diuretics help to eliminate water from the body (Abstraction).
This study has several research implications. Since we observed different predictors for specific cognitive domains, it would be important to conduct further studies to confirm our findings. Another important implication is the use of longitudinal designs and randomized controlled trials to examine if increased physical activity is associated with improved cognition. A recent pilot study 29 found that a programme of combined aerobic exercise and cognitive training improved memory in patients with HF, but further studies are needed to clarify this association.
